This study compared the odds of becoming disabled and recovering from disability among blacks and whites aged 65 years and over in two sites of the Established Populations for Epidemiologic Studies of the Elderly (EPESE) project. The authors examined the influence of mortality differences, socioeconomic status, and health-related factors on racial differences in risk of disability and recovery. A Markov model was employed using nine waves of data from the New Haven, Connecticut, site (529 blacks, 2,219 whites) and seven waves of the North Carolina (Piedmont) site (2,260 blacks, 1,876 whites), collected between 1982 and 1992. Blacks below age 75 years had an increased risk of developing disability relative to whites in New Haven (odds ratio (OR) at age 65 years = 3.33, 95% confidence interval (Cl) 2.13-5.22) as well as in North Carolina (OR at age 65 years = 1.58, 95% Cl 1.25-1.99). This excess risk diminished with increasing age, and crossed over in New Haven (OR at age 85 years = 0.45, 95% Cl 0.22-0.95), but not in North Carolina (OR at age 85 years = 1.22, 95% Cl 0.98-1.51). Adjustment for socioeconomic and health-related factors only partially reduced the excess disability risk among blacks below age 75 years in New Haven, but eliminated the difference in disability risk between blacks and whites in North Carolina. Blacks below age 75 years also had higher mortality risks at both sites. There were no consistent racial differences in recovery from disability. Am J
It is well established that black Americans experience a substantial disadvantage in health compared with white Americans (1) . Even at age 65 years, blacks still have a shorter life expectancy compared with whites (2, 3) . Nevertheless, very old blacks are sometimes thought of as relatively "robust," because they are the survivors of more adverse selection processes earlier in life (4, 5) . By some accounts, blacks have lower mortality rates than whites in very old age (5) (6) (7) (8) (9) .
Another manifestation of a lifelong disadvantage in health may be disability. Although its causes are complex, disability serves as a measure of a person's diminished capability to perform self-care tasks due to the cumulative effects of morbidities throughout life (10) . Results from previous studies of racial differences in disability are inconclusive, with some studies (11) (12) (13) (14) , but not all (15) (16) (17) , finding an excess risk of disability among older blacks compared with whites. The conflicting findings may be due to methodological differences across these studies, including considerable age differences in the cohorts studied, geographic differences, and differences in length of follow-up.
The first aim of the present study was to compare the risk of becoming disabled and of recovering from disability between older blacks and whites in representative samples from two different geographic areas in the United States, one in the Northeast and the other in the South. The second aim was to examine whether any racial differences in these outcomes would remain after accounting for socioeconomic and health-related factors. This study extends previous research in this area by using multiple waves of information on func-tional status, which enabled us to identify many more episodes of disability and recovery from disability than had we relied, as in most other studies, on only two waves of information. In addition, our analysis allowed us to examine mortality as a separate endpoint, rather than excluding all deaths during followup. This enabled us to evaluate racial differences in risk of disability in the context of differences in mortality.
MATERIALS AND METHODS

Study population
The data came from the New Haven, Connecticut, and North Carolina (Piedmont) sites of the Established Populations for the Epidemiologic Studies of the Elderly (EPESE) project. These are the two EPESE sites which obtained a substantial proportion of blacks in their representative samples of the noninstitutionalized population in these areas (for details, see reference 18) . Briefly, the New Haven cohort consisted of a stratified sample of all elderly persons aged 65 years and older who lived in the city of New Haven, Connecticut. The cohort was selected as a probability cluster sample of three housing strata (age-and income-restricted public housing, age-restricted private housing, and general community housing), with sampling rates varying by housing stratum and sex. The response rate at baseline was 82 percent, yielding a sample of 2,812 men and women, of whom 529 identified themselves as non-Hispanic blacks and 2,219 as non-Hispanic whites (total n = 2,748). The North Carolina cohort was based on a stratified random sample of five counties in the Piedmont area of North Carolina, one primarily urban and four mostly rural counties. Housing units were selected through a three-stage cluster sampling design within each county, and one person was selected from each household containing one or more persons aged 65 years and over using the Kish method (19) . Housing units were stratified by race, with blacks oversampled to yield approximately 55 percent of the sample. The response rate at baseline was 80 percent, producing a sample of 4,162 men and women, of whom 2,260 were (nonHispanic) blacks and 1,876 (non-Hispanic) whites (total n = 4,136).
Baseline data collection at both sites took place during in-home face-to-face interviews for the New Haven site in 1982 and for the North Carolina site in 1986. In-person interviews were also conducted at the 3rd and 6th post-baseline years, with telephone contact at each of the intermediate years, as well as the 7th and 8th year post-baseline in New Haven. All surviving subjects were reinterviewed during follow-up, including those who were admitted to nursing homes.
For the analysis, we used nine waves of data from New Haven (1982-1990/91), and seven waves from North Carolina (1986) (1987) (1988) (1989) (1990) (1991) (1992) . Vital status was ascertained by monitoring obituary notices in local newspapers, by information from relatives, and by eventually obtaining the death certificates of all deceased subjects. Information on vital status was virtually complete (>99 percent) in both studies. In New Haven, 1,330 of the 2,748 subjects (48.4 percent) had died by the 9th interview, and in North Carolina, 1,281 of the 4,136 (31.0 percent) had died by the 7th interview. Attrition due to loss to follow-up was 2.7 percent (40 out of 1,457) among the survivors in New Haven (2.5 percent among whites and 3.7 percent among blacks) and 4.4 percent (125 out of 2,862) in North Carolina (6.1 percent among whites and 2.9 percent among blacks).
Measures
Functional status was assessed by asking subjects at each annual interview about their ability to bathe, dress, eat, use the toilet, walk across a small room, and transfer from bed to chair (20) . Disability was defined as a self-or proxy-report of needing help with or being unable to perform one or more of these self-care tasks. This definition of disability reflects the loss of independence and represents the need for formal or informal assistance with self-care tasks (21) .
Racial identification was self-reported. Age was coded into single years (for the multivariate models, we subtracted 65 from actual age, with 0 representing age 65 years) and education as number of years of education completed. Family income was selfreported in six categories, which were recoded to low income (<$5,000/year), middle income ($5,000-$9,999/year), high income (>$10,000/year, referent group), and income information missing.
Three broad measures of health status that might account for the relation between race and change in functional status were included: relative weight, cognitive function, and number of chronic conditions. A preliminary analysis using a larger set of health-related indicators (including smoking and alcohol consumption) indicated that the selected health-related variables had the largest impact on the estimated association between race and changes in functional status. Relative weight was assessed by body mass index (kg/m 2 ), and recoded into low (<23 kg/m 2 ), middle (23-27 kg/m 2 , referent group), high (>27 kg/m 2 ), and body mass index information missing. Cognitive function was assessed by the 10-item Short Portable Men-tal Status Questionnaire (22) , with poor cognitive function defined as >3 incorrect responses (23) . The final measure of health status was the cumulative number of chronic conditions (self-report of six physician-diagnosed conditions: myocardial infarction, high blood pressure, stroke, cancer, diabetes mellitus, and hip fracture). All variables used in the analyses were identical across the two sites.
Statistical methods
For the analysis, the data were first organized by functional status (disabled or not disabled) at the beginning of each yearly interval and then pooled across subjects and across intervals. Using these intervals, one-year transition probabilities averaged across all intervals were computed using a Markov/logistic regression model (24) . This model has been used previously for the analysis of physical function data in the EPESE data sets (25) , and its current version is described in more detail elsewhere (26) . Briefly, two separate sets of regression parameters were estimated, 1) for risk factors for becoming disabled, and 2) for recovering from disability, using all intervals with information on functional status at the end of the interval. Thus, in any year, only subjects who survived the entire interval could contribute information on the risk of becoming disabled or recovering from disability. Pooling of the data across subjects and intervals in the New Haven sample resulted in 12,227 intervals that started from a nondisabled state and 2,943 intervals from a disabled state. In North Carolina, 16,079 intervals started from a nondisabled state and 3,463 intervals from a disabled state.
Potential race differences in survival were estimated by two additional sets of regression parameters for the mortality risk across the yearly intervals from either a disabled or a nondisabled state. The log odds of the transition probabilities were assumed to be linearly related to the risk factors (logistic model). Successive years were modeled as independent within a person, given the state at the beginning of the interval and calculating the likelihood for transition probabilities across gaps in intervals due to missing data iteratively (24, 26) . The four sets of regression parameters were estimated simultaneously in a single model, using all available annual observations. This model adjusted for the complex sampling design by pseudo-maximum likelihood estimation with linearized variance estimators (26, 27) , treating each individual as a cluster of one-year intervals to account for within-person correlations.
The present Markov models have two limitations: 1) they do not permit the inclusion of time-varying covariates; and 2) only a limited set of covariates can be used. We fitted a hierarchical series of models, selecting at each step the baseline variables that had the greatest confounding effect by determining the change in the regression coefficient for race. Other potentially important covariates, such as marital status and smoking, were thus eliminated from the final models. We first computed age-and sex-adjusted models, including the variables for age, sex, and race. We also tested all two-way interactions between age, race, and sex. Because none of the race X sex interaction effects were statistically significant, they were not retained in the final models. At the next step, we added education and income as indicators of socioeconomic status, and at the final step, body mass index, cognitive performance, and chronic conditions as health-related variables. Excluded from the multivariate models because of missing covariate data were 114 subjects in New Haven (4.1 percent of 2,748) and 114 subjects in North Carolina (2.8 percent of 4,136). There was no significant difference by race in the number of subjects with missing covariate data in either site. Odds ratios were calculated, and they provide risk estimates for developing disability or recovering from disability among blacks compared with whites. The analyses were performed separately for each site.
RESULTS
Baseline characteristics
Sociodemographic and health status characteristics by race are shown in table 1. At baseline, blacks in both samples had received less formal education, had lower incomes, and were more likely to have a higher body mass index, to have poor cognitive performance, and to report at least two chronic conditions at baseline. Hypertension, stroke, and diabetes mellitus were generally more prevalent among blacks, while whites were more likely to report a history of cancer and hip fracture, especially in North Carolina. The bottom of table 1 shows the (unadjusted) average annual proportion of elderly persons by race and site who developed disability and recovered from disability. Thus, on average, 11.4 percent of all New Haven blacks developed an episode of disability each year compared with 9.0 percent among whites (p < 0.05). In North Carolina, 10.1 percent of the blacks and 7.4 percent of whites developed disability each year (p < 0.001). About one-fifth of the subjects recovered each year from an episode of disability, but there were no racial differences in recovery rates at either site.
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Age-and sex-adjusted racial differences in disability and recovery risks
The results of the models with only the age, sex, and race main and interaction effects for the New Haven cohort are shown in the top half of table 2. The model estimating the annual risk of developing disability produced a significant main effect for race {p < 0.001) as well as a significant negative interaction effect between race and age (p < 0.001). In the presence of the race X age interaction term in the model, the main effect for race represents the risk of developing disability among New Haven blacks compared with whites at age 65 years. At this age, blacks had a more than threefold increased odds of becoming disabled (odds ratio (OR) = 3.33, 95 percent confidence interval (CI) 2.13-5.22) compared with whites (see table 2 ). However, the significant interaction effect indicates that the risk of developing disability increases much more rapidly with each year of increasing age among whites (OR = 1.13, 95 percent CI 1.11-1.14) than among blacks (OR = 1.02, 95 percent CI 0.97-1.07). As a result, the odds ratio of the disability risk among blacks compared with whites decreased sharply with age, and it crossed over between ages 75 and 80 years. The change in odds ratio with increasing age is shown in figure 1 .
New Haven blacks also had a higher annual risk of dying from a nondisabled state (at age 65 years: OR = 1.57, 95 percent CI 1.10-2.23, p < 0.01), but there was only a small and nonsignificant negative interaction effect between age and race (race-specific odds ratios for age, OR = 1.04,95 percent CI 1.00-1.08 for blacks, and OR = 1.06, 95 percent CI 1.02-1.09 for whites) for this outcome (see table 2 ). Thus, as figure  1 shows, the odds ratio for mortality from a nondisabled state among blacks was significantly elevated at age 65 years, and although declining slightly with increasing age, it remained statistically different from unity until about age 75 years.
Blacks were marginally less likely to recover from disability (at age 65 years, OR = 0.66, 95 percent CI 0.43-1.01, p < 0.10), but there were no racial differences in the risk of dying from a disabled state (at age 65 years, OR = 0.85, 95 percent CI 0.44-1.63, not 
significant (NS)
). There were no significant interactions between age and race either for recovery from disability or for mortality from a nondisabled state.
The results of the models with only the age, sex, and race main and interaction effects for the North Carolina cohort are shown in the bottom half of table 2. As Am J Epidemiol Vol. 145, No. 6, 1997 in New Haven, there was a significant main effect for race (p < 0.001) in the disability model, indicating that at age 65 years, blacks were more likely to become disabled than were whites (OR = 1.58, 95 percent CI 1.25-1.99). Unlike in New Haven, however, there was only a small, and nonsignificant negative interaction effect between age and race, with the risk of developing disability with each additional year. of age increasing at approximately the same rate among blacks (OR = 1.10, 95 percent CI 1.09-1.12) as among whites (OR = 1.12, 95 percent CI 1.10-1.14). Consequently, as shown in figure 2 , blacks in North Carolina had a higher risk of developing disability at age 65 years, with the excess risk decreasing slightly with increasing age. At age 85 years, the odds ratio was no longer significantly different from unity.
North Carolina blacks also had a significantly higher risk of mortality from a nondisabled state at age 65 years (OR = 1.43, 95 percent CI 1.07-1.92, p < 0.01). However, there was a significant interaction effect between race and age (p < 0.001) in this model, indicating that the increase in mortality risk with each year of increasing age was significantly smaller in blacks (OR = 1.03, 95 percent CI 1.00-1.05) than in whites (OR = 1.08, 95 percent CI 1.05-1.10). As shown in figure 2, blacks at age 65 years had a significantly elevated mortality risk from a nondisabled state compared with whites, but due to the negative interaction effect, this risk crossed over to below unity between ages 70 and 75 years, and by age 80 years, blacks had significantly lower odds of dying (OR = 0.70, 95 percent CI 0.53-0.92). There were no significant main or interaction effects for race in the North Carolina models for recovery from disability or dying from a disabled state (see table 2 ).
Fully adjusted racial differences in disability and recovery risks
The second aim of this study was to examine the influence of socioeconomic factors and health-related conditions on the observed racial differences in disability risk. The results of the fully adjusted Markov models for the New Haven cohort are presented in table 3. The model predicting development of disability produced slightly lower, but still statistically significant main effects for race (at age 65 years, OR = 2.27, 95 percent CI 1.39-3.71, p < 0.001) and the race X age interaction (p < 0.001), with the increase in odds ratio per additional year of age giving an odds ratio of 1.02 (95 percent CI 0.97-1.08) for blacks and an odds ratio of 1.12 (95 percent CI 1.10-1.14) for whites, respectively. Based on these results, the adjusted odds ratios for blacks compared with whites were significantly elevated at age 65 years (see above) and at age 70 years (OR = 1.45, 95 percent CI 1.07-1.98), but by age 85 years, the adjusted odds ratio for blacks compared with whites had decreased to below unity (OR = 0.38, 95 percent CI 0.18-0.81). The racial difference in mortality risk (from a nondisabled state) was no longer statistically significant in the fully adjusted model (at age 65 years, OR = 1.28, 95 percent Cl 0.85-1.91). However, these models did show a main effect for race on recovery from disability (OR = 0.62, 95 percent Cl 0.42-0.93), which suggests that blacks were less likely to recover from disability after accounting for socioeconomic and health-related factors. This association did not vary significantly as a function of age. There were no racial differences in the risk of dying from a disabled state (see table 3 ).
Indicators for socioeconomic status (education and income) and for health status (body mass index, cognitive function, and chronic illnesses) were all significantly associated with the risk of developing disability (left column, table 3). These variables were also generally associated with a reduced likelihood of recovery, although less consistently than in the disability model. However, with a few exceptions, these same variables were not nearly as predictive of one-year mortality risk (see table 3 ).
In North Carolina, adjustment for socioeconomic and health-related factors had a different effect than in New Haven: inclusion of these variables in the multivariate models eliminated any effect of race on the risk of developing disability (see table 4 ). In fact, the intermediate step in the analysis of first adding the indicators of socioeconomic status before inclusion of the health-related variables already produced most of the reduction in excess risk among blacks in this cohort. The fully adjusted main effect for race on the risk of developing disability gave an odds ratio of 1.04 (95 percent Cl 0.82-1.31) while that for race on the risk of dying from a nondisabled state gave an odds ratio of 1.12 (95 percent Cl 0.81-1.56). However, the model for mortality from a nondisabled state shows that the age X race interaction term remained statistically significant (p < 0.01), with the increase in odds ratio per additional year of age being much smaller among blacks (OR = 1.01, 95 percent Cl 0.99-1.04) than among whites (OR = 1.06, 95 percent Cl 1.03-1.09). This suggests that with increasing age, blacks have an increasing survival advantage compared with whites, after accounting for socioeconomic and healthrelated factors.
As in the previous age-and sex-adjusted model, there was no significant effect of race on the likelihood of recovery from disability. In the North Carolina models as in the New Haven models, variables representing socioeconomic status and health-related conditions showed significant associations with the risk of developing disability, while only the healthrelated variables were associated with recovery from disability. 
DISCUSSION
The major finding of this study is that blacks in both New Haven and North Carolina were generally at higher risk of becoming disabled than were whites, especially blacks below the age of about 75 years. Second, older blacks below age 75 years also had a higher mortality risk at both sites. Taken together, these findings suggest that, before accounting for differences in socioeconomic and health-related factors, older blacks up until age 75 years have a clear health disadvantage compared with older whites. However, there was no consistent pattern of racial differences in disability at more advanced ages across the two sites. The results also suggest that the racial differences in disability risk may be largely attributable to socioeconomic and health-related factors, although these factors accounted for much more of the excess risk among blacks in North Carolina than they did in New Haven.
These findings are generally consistent with the results of other longitudinal studies of racial differences in disability rates. Those other longitudinal studies have also shown higher risks of disability among blacks (11) (12) (13) (14) , especially among those below age 75 years (11) (12) . However, our study differs in a number of important ways from previous research, including the use of population samples from two different geographic areas, inclusion of a number of broad health status indicators, and the use of multiple waves of information on functional status. These features allowed us to examine racial differences in development of and recovery from disability in much greater detail than was possible in previous studies.
The use of multiple waves of information enabled us to detect many episodes of disability from which subjects recovered before the end of follow-up, rather than assuming that each episode of disability was irreversible. Nevertheless, we still missed episodes of disability that developed and resolved (or ended in death) within a yearly interval. In addition, our definition of disability (one or more activity of daily living limitations) did not allow us to account for partial recovery, i.e., recovery of only some self-care tasks. However, our definition of disability is used commonly, and it represents the need for assistance with basic self-care tasks (21, 28) .
The second goal of this study was to explore whether racial differences in disability and recovery risks can be reliably explained by differences in socioeconomic position or in health status. Socioeconomic disadvantage may be associated with greater exposure to health risks throughout life, resulting in higher morbidity and more disability in old age. The inverse relations among education, income, and risk of disability are well documented (16, 29) , and racial differences in disability rates have often been attributed to these factors (11, 30, 31) . Other studies, however, have shown that black-white differences in disability persist after controlling for socioeconomic status (11) (12) (13) (14) (15) (16) . The same mixed picture emerges in our findings: education and income accounted for only some of the excess disability risk among blacks in New Haven, while these factors accounted for virtually all of the excess risk among blacks in North Carolina. This was an unexpected finding, and we can offer only some speculations to explain the differential effect of these socioeconomic factors on black-white differences in disability risk.
A first speculation might be derived from the fact that education and income are inadequate markers for current or past socioeconomic resources, especially in older populations, and the degree to which they reflect these resources may vary from one geographic area to another. In fact, it has been argued that the racial disparity in wealth is much larger than differences in current income (32) , and perhaps this is the case more so in an entirely urban setting such as New Haven than in the partly rural setting of the North Carolina study. An alternative speculation is that blacks in New Haven may experience a health disadvantage for reasons beyond just poorer socioeconomic status. Blacks in the Northeast and the South each bring with them into old age their own distinct "histories" in terms of migration history, economic opportunities, access to and quality of health care, and experiences with segregation (32) . Each of these factors may contribute to specific health risks incurred throughout life, in turn determining vulnerability to functional decline and mortality in older age. The degree to which these factors contribute to a greater health disadvantage among urban Northeastern blacks compared with Southern blacks may well appear inconsistent with common assumptions about racial relations in these regions. However, it has been argued (32, 33) that blacks who had migrated to larger urban areas for economic reasons may well have found themselves increasingly exposed to living conditions with potentially negative health consequences. Regardless of the specific reasons for these site differences, these speculations are consistent with an emphasis on social rather than biologic explanations for racial inequalities in health (34) .
Blacks in our study also had in general poorer overall health status, especially in terms of body mass index, hypertension, stroke, diabetes, and cognitive function. These conditions often precipitate significant functional decline, and clearly accounted for some, if a small part, of the higher disability risk among blacks below age 75 years. If blacks also had a higher incidence of these conditions during follow-up, then they might have had a greater effect on racial differences in disability rates if we had been able to adjust for health changes during follow-up.
At older ages (over age 75 years), blacks appeared to fare better and were no longer at elevated risk for disability or mortality. These findings should be considered with caution due to smaller number of subjects at older ages. Moreover, the pattern of an age-related diminution or reversal of disability and mortality risks between blacks and whites was not consistent across sites. This is possibly a chance finding given the relative lack of power in the older age groups. Nevertheless, the overall trend of a decrease and crossover in racial differences in health outcomes among the very old has been observed previously (3) (4) (5) (6) 13) , even if the reasons for them remain unclear. Other investigators (3-6) have attributed this trend primarily to a selective survival effect, i.e., very old blacks are the "hardy" survivors of a generation that experienced adverse circumstances and poorer health throughout life. It is also possible that certain psychosocial features play a role. Compared with whites, older blacks often have extensive ties with family and friends with whom they maintain more supportive relations (35) (36) (37) (38) . This may indicate that very old blacks are generally more integrated into the community, and hence less isolated and perhaps more valued compared with very old whites. Better social integration has been shown to provide strong protection against poor health outcomes (39), and may also diminish risk of disability (40, 41) .
There was some suggestion that the New Haven blacks were somewhat less likely to recover from disability than were whites, although there was no such effect in the North Carolina cohort. Although the recovery findings do not suggest a consistent pattern of racial differences, it is important to note that recovery from disability is far from uncommon in old age, with annual recovery rates in these two populations ranging from about 30 percent at age 65 years to about 10 percent at age 90 years (25) . This underscores the importance of studying disability as a reversible health state, rather than as an irreversible condition.
In conclusion, these findings suggest an elevated risk for disability among older blacks, a risk that is probably limited to those below the age of around 75 years. We believe the elevated risk is likely the result of the adverse effects of socioeconomic disadvantage throughout life, leading to greater exposure to health risks, and higher morbidity and mortality in older age. Our findings also suggest that the patterns of racial differences in disability and mortality risks and the Am J Epidemiol Vol. 145, No. 6, 1997 effect of socioeconomic factors on these differences vary from one geographic area to another.
